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Biological Response Modifiers 

The present invention relates to biological response modifiers, 
which are formulations for use in treatment after exposure to radiation. 

Biological response modifiers are given after radiation for the repair 
of tissue damage such as occurs during radiotherapy. 

According to the present invention, we employ curcumin in a 
biological response modifier. Curcumin is diferuloylmethane and is 
present in the plant turmeric, Curcuma longa Linn. (Zingiberaceae) . For 
the present invention, it is adequate to use an extract of turmeric. 

The curcumin is used in an oil, preferably a natural plant oil, more 
preferably a vegetable oil and most preferably sunflower oil. Thus, in 
one aspect, the present invention provides a product comprising 
curcumin in such an oil. Typically the percentage by weight of 
curcumin in the oil is from 0. l%-60%, say from 0.5 to 25%, or about 1 to 
20%. 

We have found that the beneficial effects of curcumin in oil are 
enhanced by the inclusion of vitamin E, a- tocopherol. The ratio of 
curcumin:a-tocopherol is suitably in the range of 25:1 to 2.5:1, more 
preferably 20:1 to 5:1, most preferably about 10:1. 

Thus, in one important aspect, the present invention provides a 
product which is a combination drug comprising curcumin and a- 
tocopherol in an oil, especially sunflower oil. Sunflower oil itself makes 
a significant contribution to the healing effects of the product. 
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The oil-based drug may be applied as a cream topically to an area 
of skin, mucus membranes or other tissues which have been exposed to 
radiation. Forms for topical administration include a mucus binding 
solution for oral mucosa, and a pessary for rectal administration. 
Alternatively, a formulation of the product suited for oral administration 
may be provided, notably capsules or tablet containing the product. 
Typically the amount of product taken daily by oral administration is 
0.1g-20g per Kg body weight, say 0.25 to 10 g/Kg, or about 0.5 to 5 
g/Kg. 

The product of the present invention may be used for people who 
have been accidentally or unintentionally exposed to radiation, but it is a 
mainly expected to be of use for patients receiving radiation therapy. A 
specific application for the invention is therapy-induced mucositis, 
notabyl mucositis induced by radiotherapy and/ or chemotherapy. A 
particular example involves mucositis caused by radiotherapy of the 
head and/or neck. Mucositis caused by conditions other than exposure 
to therapy can treated by the present invention. 

The invention includes methods of treating a person exposed to 
radiation which includes administration of a curcumin and a-tocopherol. 
It is possible to separately administer the curcumin and a-tocopherol, 
but patient compliance is likely to be much better if a product of this 
invention is provided for administration. 

Another method of this invention includes providing radiotherapy 
to a patient and administering curcumin and a-tocopherol. The 
radiotherapy can be as a single dose of radiation but will typically involve 
sequential exposure to doses of radiation, and the product of this 
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invention is administered either before or after first exposure to radiation 
and continued after the completion of radiotherapy. In a preferred 
method the product of this invention is administered after first exposure 
to radiation and continued after the completion of radiotherapy. 

Typically the product of this invention is administered at repeated 
intervals following the end of exposure to radiation, and for example the 
product will be given for at least 14 or better 28 days or more following 
the last exposure to radiation. 

Then invention also provides for the use of curcumin and <x- 
tocopherol in the preparation of a medicament for the treatment of the 
effects of radiation, especially where the curcumin and a-tocopherol are 
in an oil such as sunflower oil. 

The invention also includes treatment of mucositis and other 
conditions, including lesions in skin, the central nervous system (spinal 
chord and brain) or the gastrointestinal system. These other conditions 
may be induced by radiation. Examples of mucositis which can be 
treated include mucositis arising from exposure to radiotherapy, but the 
invention is not limited thereto, and conditions such as Irritable Bowel 
Syndrome can be treated. Thus, further aspects of this invention reside 
in methods of treating mucositis and other conditions with curcumin and 
a-tocopherol, compositions of curcumin and a-tocopherol for the 
treatment of mucositis and other conditions, and the use of curcumin 
and a-tocopherol in the preparation of medicaments for treating 
mucositis and other conditions. The methods of treatment extend to 
prophylactic treatments. 
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Further related aspects of this invention which can be achieved 
using curcumin and a- tocopherol include: 

1- prevention of cancer, particularly development of radiotherapy- 
induced secondary tumours. 

2- prevention and treatment of UV induced dermatitis (sunburn). 

3- treatment of acute and chronic wounds on skin or buccal/ oral 
mucosa and acceleration of healing of such wounds. 

The invention embraces such methods, compositions for such 
methods, and the use of curcumin and/or a-tocopherol in the 
preparation of compositions for use in the methods. 

More details of the present invention will be apparent from the 
following report of experimental work on Amelioration of Radiation- 
Induced Normal Tissue Reactions by a Combination Drug. 

Claims then follow the experimental report 
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Friday, March 22, 2002 



Confidential 

Amelioration of radiation-induced normal tissue reactions by a combination drug. 

^ Mohi Rezvani 

Research Institute (University of Oxford), Churchill Hospital, Oxford OX3 7U, UK 

E-mail: mohi.rezvani@resin.ox.ac.uk 
Tel: +44 (0)1865 225848 
Tel: +44 (0)1865 225847 

Inroduction: 

Approximately 50% of all cancer patients receive radiotherapy at one stage in then- 
course of treatment. Local tumour control is directly related to the radiation dose. The 
greater the radiation dose the greater is the probability of tumour control. Although in 
theory it must be possible to eradicate a localised tumour with a large dose of radiation in 
practice the damage to normal tissues, which is also dose-dependent, is a major limiting 
factor. Therefore, the dose delivered to the tumour is always compromised for the danger 
of damaging normal tissues adjacent to the tumour. 

Advances in the administration of radiation such as dose fractionation, low dose-rate 
irradiation, application of radiosensitisers or radioprotectors and better localisation 
techniques have increased the therapeutic gain. However, in reality, even with limited 
doses of radiation there are always relatively sensitive patients who may develop normal 
tissue reactions. Therefore, normal tissue damage is almost an inevitable consequence of 
radiotherapy in majority of cases. For example in radiotherapy of laryngopharyngeal 
tumours 95% of the patients might experience a kind of early transient reaction and 61% 
suffer more persistent late reactions (Rezvani et al, 1991). 

Radiosensitizers or radioprotectors although modify the effects of radiation but they are 
implied to substances, which ought to be present at the time of irradiation. While these 
substances can be used for cases of planned irradiation such as radiotherapy, their use 
will be limited in post irradiation cases. These substances can not be used in the treatment 
of oversensitive patients who develop lesions as side effect of radiotherapy or for patients 
overexposed in radiation accidents. During last two decades, interventional treatments 
after radiotherapy and application of various biological response modifiers (BRMs) have 
been suggested. BRMs are substances that are administered after irradiation. While these 
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compounds are of a great value in the treatment of oversensitive or overexposed patients 
they can also be used in cancer therapy in order to reduce the adverse effects of 
radiotherapy. Ameliorating the risk of normal tissue damage by the BRMs will allow 
radiotherapist to apply larger doses. Thus increase the probability of tumour cure without 
increasing the risk of normal tissue morbidity. At present, there are no effective BRMs for 
the treatment of radiation-induced normal tissue lesions including those of skin, mucus 
membranes or CNS. 

In a search for finding a suitable BRM a number of herbal extracts were tested by Dr 
Rezvani, Research Institute, University of Oxford, UK during last few years. These 
substances, which demonstrated a limited success, included oral administration of the 
extracts of Chinese anti-inflammatory herbs Scutellaria barbata, Paeonia lactiflora, Salvia 
miltiorrhiza, E zhu, Glycyrrhiza uralensis, Astragalus membranaceus, Lonicera japonica, 
Paeonia sufruticosa, Trichosanthes kirilowii. These extracts had no beneficial effect in 
controlling the incidence of radiation-induced moist desquamation of skin in a rat model 
but accelerated its healing (Rezvani et al, unpublished data). In another study the efficacy 
of extracts of Fagopyrum esculentum, Symphytum officinalis and Calendula officinalis, 
given orally, had no beneficial effect in controlling the incidence of radiation-induced 
moist desquamation. It appeared that these herbal extracts also accelerated the healing of 
the moist desquamation (Rezvani et al, unpublished data). 

After testing numerous herbal extracts, a drug consisting of the extract of Curcuma longa 
significantly reduced the incidence of radiation-induced moist desquamation in the skin 
of rat foot. 

Ammelioration of radiation induced skin lesions by extract of Curcuma longa: 

Skin is an important tissue that is frequently exposed to radiation either accidentally or as a 
consequence of the treatment of cancer patients by radiotherapy. Acute radiation damage to 
the epidermis is related to the sterilisation of reproductive component of epidermis; stem 
cells. The full functional integrity of Ihe skin will be preserved if there are sufficient 
surviving clonogenic cells within the basal layer, or within the shaft of hair follicles, to 
allow for rapid repopulation of the surface. The absence of cell production results in the 
development of epithelial denudation (moist desquamation). The development of radiation- 
induced moist desquamation of rat foot is an established model for the study of this lesion 
(Rezvani et al, 2002). 

Material and methods: 

Mature (26 weeks old) female Sprague-Dawley rats were used in this study. The animals 
were housed in groups of three per cage and received standard pellet diet food and water 
ad libitum. Both hind feet of each rat were irradiated, under anaesthesia, with a range of 
doses of ^Co gamma rays, at a dose-rate of -1.3 Gy/min. Initially, animals were 
anaesthetised in a perspex box, flushed with oxygen and 2-3% halothane. Pre- 
anaesthetised rats were then positioned in a perspex irradiation jig and anaesthesia was 
maintained by continuous flushing with oxygen and 1-1.5% halothane at a rate of 2 1/min. 
The foot to be irradiated was positioned into a slot in a circular perspex holder (1 cm 
thick, 1 1 cm diameter) located at the center of the jig. Rats were positioned radially 
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around this central perspex portion of the jig and nine animals were irradiated at each 
time. Irradiation schedules involved graded single doses of 60 Co y rays to the left foot of 
the animal. Then the animals were randomised into two groups of "test" and "placeb". 
The animals in test group received 1 ml/day of an ethanolic extract of Curcuma longa 
(1:4, 25%) by oral gavage. Those in placebo group received similar volume of 25% 
ethanol in water by oral gavage. The feet were examined for the appearance of moist 
desquamation, daily, between 7 and 23 days after irradiation. Nine animals were used 
per each dose point Quantal data for the incidence of moist desquamation were analysed 
using logit analysis and ED 5 o (±SE) values, the dose required to produce moist 
desquamation in 50% of irradiated feet, were obtained for both test and placebo groups. 
Dose modification factor (DMF) was obtained by dividing the ED 5 o value for test group 
to that of the placebo group. Data analysis was carried out by the SAS statistical package 
(SAS, 1989). 

Results: 

Fig. 1 shows the dose effect curves for the incidence of moist desquamation of rat foot 
skin after irradiation with graded doses of 60 Co y rays for test and placebo groups. The 
ED50 value of 22.54 Gy, for the incidence of moist desquamation in the skin of rat foot in 
animals treated with Curcuma longa extract, was significantly (p <0.01) higher than the 
value of 21.47 Gy, the ED50 for the incidence of moist desquamation in placebo group. 
This difference in ED 50 values resulted in a DMF of 1 .05. 




20 21 22 23 24 25 

Dose (Gy) 

Fig. J: Incidence of moist desquamation of rat foot skin after irradiation with graded doses of^Co yrays. 
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Conclusion: 

Although the modifying effect of extract of Curcuma longa was only 5% but it was very 
encouraging as this was the first time that the incidence of radiation-induced moist 
desquamation in this model could be influenced by an exogenous factor. 

A compound consisting of ethanolic extracts of Curcuma longa and Euphorbia hirta was 
also used for the modification of radiation-induced skin lesions but with no success. 

On the basis of this finding a combination of Curcumin (the active ingredient of the 
extract of Curcuma longa) and a-tocopherol dissolved in sun flower oil was tested. This 
compound demonstrated a significant beneficial effect in reducing the incidence of 
radiation-induced skin lesions and oral mucositis. Although sun flower oil was initially 
used as a solvent for Curcumin but during later experiments it was found that sun flower 
oil itself had an additional effect. Therefore, a combination drug (Compound A) 
consisting of Curcumin, a-tocopherol and sun flower oil (SFO) was developed and 
tested. The efficacy of this new compound in the treatment of radiation-induced normal 
tissue lesions is described here. 

Components of Compound A: 

Compound A consists of Curcumin, a-tocopherol and sunflower oil. The dosage used in 
experiments reported here is a-tocopherol 20 mg/kg/day, Curcumin 200 mg/kg/day in 0.5 
ml/day SFO. 

Sun flower oil: 

There is no literature suggesting the involvement of sun flower oil in the treatment of 
radiation-induced lesions. However, in earlier studies at the Research Institute (Hopewell 
et al, 1994) it was reported that using sun flower oil as a placebo had some beneficial 
effects in modification of radiation-induced skin lesions in pigs. 

a-tocopherol: 

a-tocopherol (vitamin E) has not been used on its own in the treatment of radiation 
lesions but it was used as part of a combination treatment, adminstered for 8 weeks, 24 
hours after irradiation of the skin of rabbits and showed no beneficial effect (Lefaix et al , 
1992). However, a-tocopherol in combination with Pentoxyfilline was significantly 
effective in softening and shrinking of radiation-induced fibrotic scar in pig skin (Lefaix 
et al, 1999) and human (Delanian, 1998). 

Curcumin: . 

Curcumin (diferuloyl methane) is a phenolic antioxidant and antiinflammatory available in the 
mizome of the plant Curcuma longa Linn. (Zingiberaceae). This yellow phytochemical can be 
extracted from this plant with ethanol or other organic solvents. This chemical has strong 
antioxidant and free radical-scavenging activity (Rao et al, 1982; Kunchandy & Rao, 1990) 
and it inhibits lipid peroxidation (Joe & Lokesh, 1994; Sreejayan & Rao, 1994; Sreejayan et al, 
1997), including radiation-induced lipid peroxidation (Sreejayan et al, 1997). Its anti- 
inflammatory action can be due to its inhibitory effect on arachidonic acid metabolism via 
lipoxygenase and cyclooxygenase pathways (Stoner & Mukhtar, 1995). It is involved with 
Hemox-1, it protects endothelial cells (Motterlini, et al, 2000) and it is a potent inhibitor of 
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mutagenesis and has demonstrated strong anticancer activity (Huang et al, 1988; Mehta & 
Moon, 1991; Nagabhushan & Bhide, 1992; Rao et al, 1993; Huang et al, 1994; Lu et al, 1994; 
Subramanian; 1994; Ramachandran & You, 1999; Inano & Onoda, 2002). Furthermore, 
reports indicate that curcumin inhibits the expression of c-fos, c-jun and c-myc proto- 
oncogenes (Rao et al, 1993; Huang et al, 1994; Lu et al, 1994; Subramanian; 1994; Chen & 
Tan, 1998). Biological and pharmacological properties of curcumin have been reviewed 
(Govindarajan, 1980; Tonnesen, 1988; Ammon & Wahi, 1990; 1991; Huang et al, 1992). 

Curcumin, besides antioxidant activities, has shown to inhibit radiation induced protein kinase 
C activity (Varadkar et al, 2001). PKC inhibits the ceramide pathway which in turn inhibits 
apoptosis. Curcumin can potentially interfere with this pathway (Varadkar et al, 2001) and may 
cause tissue sensitisation. 

Majority of the reports on Curcumin involve its anticancer activities (Inano and Onoda, 2002; 
Ramachandran and You, 1999; Araujo et al, 1999). There is no reports of the application of 
Curcumin for the treatment of radiation induced skin or oral mucosal lesions, however, 
administration of curcumin for two weeks prior to irradiation has successfully modified the 
radiation response assessed by the measurement of the glyoxalase activity in the liver and 
spleen of irradiated mice (Choudhary et al, 1999) and it has been shown to be effective in the 
repair of both oxidative and reductive damages to proteins and oxidized amino acids caused by 
radiation (Kapoor & Priyadarsini, 2001). 

Curcumin is abundantly available in oriental diet, it is on the FDA's GRAS (generally 
recognised as safe) list and no LD 50 has been reported for it. Doses as high as 500-2000 g/kg 
body weight have shown no toxicity when fed to animals (cats, dogs, pigs and monkeys) for 60 
weeks (Bille et al, 1985; Varadkar et al, 2001). 



Amelioration of radiation-induced mucositis: 

Another major side effect of radiotherapy, particularly of head and neck cancers, is 
radiation-induced mucositis. With encouraging results of skin studies it was thought that 
Compound A could give beneficial results in the treatment of radiation-induced 
mucositis. This was based on the similarities in the etiology of these two lesions. 

The stem cells of the epithelial lining of the oral mucosa are non-specifically affected by 
many anti-cancer agents including radiation. Mucositis induced by chemotherapy or 
radiotherapy is an important dose-limiting side effect of cancer therapy (Sonis, 1998). 
Radiation-induced mucositis of upper aerodigestive tract, in particular, is a major dose- 
limiting factor in the treatment of head and neck tumours. Apart from being a painful and 
distressing experience, radiation-induced mucositis coupled with the associated 
xerostomia may lead to poor oral hygiene and weight loss in head and neck cancer 
patients. A planned course of treatment may be interrupted to allow for the healing of 
this acute reaction. This may impair the outcome of treatment. In one study, mucosal 
reactions were seen in almost all patients (95%) treated for head and neck cancer 
(Rezvani et al, 1991) with 68% of the patients having 'ulceration or fibrinous reaction' of 
the mucosal membrane. In smother study 'severe acute mucosal effects 5 were reported in 
52% of the patients treated with radiotherapy for carcinoma of the oral cavity and the 
oropharynx (Maciejewski et al, 1990). Mucositis occurs in approximately 40% of cancer 
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patients treated with chemotherapy (Sonis, 1997) with 50% of them requiring 
modification of their cancer treatment and/or analgesia (Sonis, 1998). 

A number of mouth washes containing antiseptic and/or analgesics have been used in the 
treatment of radiation-induced mucositis. These treatment approaches are ineffective in 
preventing the development of mucositis and have also been shown to be detrimental m 
some cases (Foote et al, 1994). Recently, a variety of novel therapeutic agents have been 
developed with limited success (Spandinger et al, 1994; Troussard et al, 1995; Farrell et 
al, 2000) with exception of keratinocyte growth factor where promising results have been 
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induced mucositis. 
Materials and methods: 

On the basis of skin studies the extract of Curcuma longa was identified as a potential 
substance to modify radiation-induced oral mcositis. However, the active ingredient of 
this plant substance is curcumin (diferuloylmethane) which is commercially obtainable 
(Sigma-Aldrich). Therefore experiments were designed to test the effectiveness of 
curcumin in prevention of radiation-induced oral mucositis. It was also decided that 
adding a-tocopherol (5, 7, 8-Trimethyltocol) to curcumin might increase the beneficial 
effects of curcumin. However, the latter was not water soluble and it was decided that 
both curcumin and a-tocopherol could be mixed in sun flower oil. Therefore, in some 
studies (results not shown) sun flower oil (SFO) was used as placebo. However, when 
sun flower oil treated animals were compared with those that received water (as placebo) 
or no drug treatment at all it was found that sun flower oil itself had a beneficial effect in 
the treatment of radiation-induced oral mucositis and its addition enhanced the beneficial 
effects of curcumin and a-tocopherol . Therefore, a final compound was identified as 
combination of curcumin, a-tocopherol and sun flower oil. This compound (compound 
A) was used as a combination drug for the treatment of radiation -induced oral mucositis. 

Mature (12 weeks old; 200-225g) female Sprague-Dawley rats were used for these 
studies. The animals were housed in groups of three per cage in conventional housing 
conditions, 55% humidity, 70-72 °F, 12 tol2 hrs light-dark-cycle and received a standard 
pellet diet and water ad libitum. The animals were maintained, and all experimental 
procedures performed in compliance with the Animal (Scientific Procedures) Act 1986. 
While under anesthesia the animals tongue was slightly extended outside and a region of 
the underside of the tongue was irradiated in-situ with single doses of 2.27 MeV B-rays 
from a 5mm or 11mm diameter ^Sr/^Y plaque. The dose-rate of the 5mm Sr/ Y 
plaque was ~10Gy/min and that of 11mm source was ~3Gy/min at the surface of the 
mucus membrane. 5mm source was used for single dose studie and 11mm source was 
used for fractionated studies. The irradiation was carried out by simply positioning the 
sealed ^Sr/^Y plaque in contact with the surface of the tongue. The tongue was stretched 
gently and radioactive source was placed with a uniform pressure in all cases in order to 
avoid any local hypoxia. However, if in any unlikely situation local ischemia/hypoxia 
have occurred due to the stretching the tongue or pressure of the source the effect was 
ignored as this would have equally applied for both control and test animals. The 
irradiation site was medial to the sublingual veins and a 4 mm margin was maintained 
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from the tip of the tongue. Irradiations were carried out under general anesthesia 
maintained with Halothane/oxygen mixture. 

Single dose studies: 

A total of 144 rats were used for this part of study. Four groups of 36 animals were 
irradiated with single doses of either 13.5, 15, 16.5 or 18 Gy. Following irradiation the 
animals in each dose group wore subdivided into four treatment subgroups of 9 rats to 
receive 0.5 ml per day of either Compound A, SFO, a-tocopherol or water by oral gavage 
until the end of experiments. Nine animals were used at each dose point in each treatment 
group. Mucosal ulceration (erosion of mucosal epithelium) was considered as an end- 
point and this is referred by radiation-induced mucositis in the context of present 
experiments. From the day after irradiation until any acute radiation-induced oral 
mucosal lesion had healed the animals tongue were assessed daily for the presence of 
radiation-induced mucositis (mucosal ulceration) under light anesthesia which was 
maintained by a 1,5% Halothane, oxygen mixture. Daily assessment of mucositis was 
carried out under x2 magnifying glass with a cold light prior to oral gavaging. Quantal 
data for the incidence of radiation-induced mucositis were analysed using logit analysis 
and ED50 (±SE) values, the dose at which radiation mucositis (mucosal ulceration) was 
observed in 50% of irradiated tongues, were obtained. The dose modification factor 
(DMF) defined as the ratio of the dose of radiation to cause mucositis in 'active' agent 
group to that in 'placebo' group was calculated. Data analysis was carried out using SAS 
statistical package (SAS, 1989). 



Results: 

The incidence of radiation-induced oral mucositis (mucosal ulceration) in the tongue of 
rats are shown in Figure 2. There was a modest increase in the ED50 values after both a- 
tocopherol and SFO administration that resulted in DMF values of 1.05 and 1.04, 
respectively. The ED 50 value of 18.16 ± 0.70 Gy obtained for the treatment of radiation- 
induced moist desquamation after treatment with compound A was significantly (p<0.01) 
higher than that of the animals that received water, SFO or a-tocopherol. 

Discussion: 

Both a-tocopherol and SFO showed a modest beneficial effect in the treatment of radiation 
induced oral mucositis. However, compound A significantly reduced the incidence of 
radiation mucositis with a significant DMF value of 1.24±0.06. 

Mucosal ulceration (erosion of mucosal epithelium) was considered as an endpoint and it 
appeared to be a reliable representation of radiation-induced oral mucositis. Similar end 
point has been used by other authors (Doerr et al, 2001). The model involves the 
irradiation of only a small area of tihe underside of the tongue. This appears to be a good 
model to study the clinically relevant end point of oral mucositis following irradiation. 
While a good dose-response relationship was obtained for the incidence of mucositis the 
reaction had no apparent effect on the animals general wellbeing. There were no 
noticeable changes observed in animals with respect to body weight, eating, drinking or 
behavior. 
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"While the intensity and duration of mucositis are dose dependent, the latent period for the 
development of mucositis will primarily depend on the turnover of the epithelial layer. In 
the present model the lesions developed from around 10 days after irradiation and the 
latency period was independent of the radiation dose and the treatment group. This 
supports the findings of Dbrr et al (2001) who observed no dose dependency in the 
latency to the onset of oral mucositis in mice. 



Fig. 2: Incidence of radiation-induced mucositis in rat after irradiation with graded doses of 
rays and the effect of Compound A, SFO and a-tocopherol in amelioration of this lesion. 



The basis for the classical management of therapy-induced mucositis is pain relief, 
prevention of dehydration, providing adequate nutrition and controlling infection, such as 
candidiasis (Symonds et al, 1996). A number of mouth washes containing antiseptic 
and/or analgesic agents have been developed and used but with no beneficial effects. This 
includes chlorhexidine and nystatin (Epstein et al, 1992), glycerine, thymol, glycerine, 
lemon and hydrogen peroxide (Feber, 1996). These classical treatment approaches not 
only are inefficient in preventing the development of mucositis but have been shown to 
be detrimental in some cases. This includes the application of sodium bicarbonate 
(DeWalt et al, 1969) and chlorhexidine (Foote et al, 1994). It appears that frequent 
mechanical cleansing of the mouth by sophisticated mouthwashes is harmful and that a 
simple saline solution is indicated as the most effective mouth wash in therapy-induced 
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oral mucositis (Symonds et al, 1998). However, damage to the parotid glands (Stephens 
et al, 1986) and disturbances in intercellular signaling (Coppers and Kampinga, 2001) after 
irradiation can result in a thickening of the saliva, a reduction in its production and 
dehydration of the mucus membrane. This can encourage infection which in turn will delay 
the healing of the ulceration. Based on this hypothesis some antibiotic based applications 
have proven to be beneficial in controlling mucositis (Spijkervet et al, 1991 ; Symonds et al, 
1996). 

The oral mucosa is a continuously renewing tissue consisting of a stratified squamous 
epithelium. Epithelial stem cells in the basal germinal layer proliferate, with a high rate of 
renewal, to balance the loss of cells from the surface layer. This rapid turnover of 
mucosal tissue renders this tissue responsive to both radiotherapy and chemotherapy. 
After irradiation while the cell loss continues from the superficial layers of the mucosa 
the deeper basal cells, killed or damaged by irradiation failing to produce replacements 
for the lost cells. Therefore, the mucosa becomes thinner and once the number of 
epithelial cells reach a critical level a broken mucosa develops as a result of the 
denudation. The protective effect of painting the mucosal surface with silver nitrate for 
several days before radiotherapy (Maciejewski et al, 1990), Interleukin-1 (Zaghloul et al, 
1994), granulocyte colony-stimulating factor (Spadinger et al, 1994; Nicolatou et al, 
1998), granulocyte macrophage colony-stimulating factor (Troussard et al, 1995) and 
keratinocyte growth factor (Farrel et al, 1999; Doerr et al, 2001) is possibly due to an 
increase in the number of mucosal cells (hyperplasia) prior to or during radiotherapy 
treatment. 

An alternative hypothesis in the treatment of treatment-induced mucositis is the use of 
substances that promote healing of the ulcerated mucosa and coating the mucus membrane 
to prevent further damage by the use of mucus binding substances. Sucralfate, which forms 
a barrier on the mucosa, has been shown to reduce the pain associated with mucositis 
(Allison et al, 1995). There are conflicting reports on the ability of sucralfate in prevention 
of mucositis (Epstein et al, 1992; Cengiz et al, 1999; Etiz et al, 2000). 

Fractinated dose studies: 

Fractionated radiotherapy is employed in curative treatment, therefore, biological 
response modifiers need to be assessed in relation to fractionated schedules. The results 
of single dose studies cannot be translated for clinical use, particularly for dose escalation 
purpose in radiotherapy, unless further results involving multiple small fractions, 
comparable to radiotherapy regimens used for the treatment of cancer patients, are made 
available. The usual fractionated radiotherapy consists of 25 fractions of 2 Gy delivered 
daily, 5 days per week. Such a schedule will be completed in 33 days. In a rat model, 
where radiation induced musositis develops from around 10 days after irradiation, 25 
fractions will span over the period of the development of mucosistis. A schedule 
involving a short overall treatment time will be required in this model. The most 
appropriate and established technique, which closely mimics clinical practice, consists of 
a limited number of 2 Gy fractions followed by a large top-up dose. 
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Materials and method: 

A total of 126 rats were used for this part of study. Three groups of 36 and one group of 
18 animals were irradiated with eight daily fractions of 2 Gy (5 fractions per week) 
followed by single top-up doses various size (7.5-17,5 Gy). The first fraction was always 
started on a Monday and top-up dose was delivered on Thursday of the following week. 
Following irradiation the animals in each dose group were subdivided into four treatment 
subgroups. Nine animals were used at each dose point in each treatment group. Group 1 
(Radiation only) received no further treatment except radiation. There were 36 (4x9) 
animals in this group. Group 2 (water) received 0.5 ml per day of water by oral gavage. 
There were only 18 (2x9) animals in this group. Group 3 (SFO) received 0.5 ml per day 
of sunflower oil. Group 4 (Compound A) received 0.5 ml per day of Compound A. 
Tested substances and placebo (water) were administered daily by oral gavage starting 
after the first 2 Gy fraction and continued until the end of experiments. Mucosal 
ulceration (erosion of mucosal epithelium) was considered as an end-point and this is 
referred by radiation-induced mucositis in the context of present experiments. From the 
day after start of irradiation until any acute radiation-induced oral mucosal lesion had 
healed the animals tongue were assessed daily for the presence of radiation-induced 
mucositis (mucosal ulceration) under light anesthesia which was maintained by a 1.5% 
Halothane, oxygen mixture. 



8 x 2Gy ♦ top up (11mm source) 




Top-up Dose (Gy) 



Fig. 3: Incidence of radiation-induced mucositis in rat after irradiation with with eight daily fractions of 2 
Gy (5 fractions per week) followed by a single top-up dose. Total dose=8x2Gy+ Top-up dose. Test 
substances, Compound A and SFO, and placebo (water) were given in 0.5 ml volumes starting after the 
first 2 Gy per fraction and continued until the end of experiments. Animals in Rad. Only group did not 
receive any treatment other than irradiation. 
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Daily assessment of mucositis was carried out under x2 magnifying glass with a cold 
light prior to oral gavaging. Quantal data for the incidence of radiation-induced mucositis 
were analysed using logit analysis and top-up ED50 (±SE) values, the top-up dose at 
which radiation mucositis (mucosal ulceration) was observed in 50% of iiradiated tongues, 
were obtained. The dose modification factor (DMF) defined as the ratio of the top-up 
dose of radiation to cause mucositis in test group to that in radiation only group was 
calculated. Data analysis was carried out using SAS statistical package (SAS, 1989). 

Results: 

The incidence of radiation-induced oral mucositis (mucosal ulceration) in the tongue of 
rats after fractionated irradiations are shown in Figure 3. There was no significant 
difference in the incidence of radiation-induced mucositis in water treated (placebo) animals 
and radiation only group. However, the ED50 values of 14.85+ 0.44 Gy and 1 8.00± 0.08 Gy 
for the incidence of radiation-induced mucositis in SFO and Compund A groups, 
respectively were significantly higher than that of the radiation only and placebo groups. 
This resulted in significant DMF values of 1.19 ± 0.06 and 1.44 ± 0.08, respectively. 

Conclusions: 

Fractionated studies support the results of single dose study and further reveal the 
beneficial effect of both Compound A and SFO in the treatment of radiation-induced oral 
mucosistis. In fact the effect of both substances is enhanced after fractionated irradiations 
which is reflected by DMF values of 1.44 and 1.19, respectively. 



Comparison of the efficacy of the components of Compound A: 
Materials and method: 

A total of 36 rats were used for this part of study. All animals were irradiated with eight 
daily fractions of 2 Gy (5 fractions per week) followed by single top-up of 16.5 Gy. The 
first fraction was always started on a Monday and top-up dose was delivered on Thursday 
of the following week. Following irradiation the animals were subdivided into four 
treatment groups of nine rats. Group 1 (Compound A) received 0.5 ml per day of 
Compound A. Group 2 (SFO+Curc.) received 200mg/kg/day Curcumin in 0.5 ml SFO. 
Group 3 (SFO+Toco.) received 20 mg/kg/day a-tocopherol in 0.5 ml SFO. Group 4 
(Toco+Curc.) received 20 mg/kg/day a-tocopherol and 200 mg/kg/day Curcumin in 0.5 
ml water. Tested substances were administered daily by oral gavage starting after the first 
2 Gy fraction and continued until the end of experiments. Mucosal ulceration (erosion of 
mucosal epithelium) was considered as an end-point and this is refenred by radiation- 
induced mucositis in the context of present experiments. From the day after start of 
irradiation until any acute radiation-induced oral mucosal lesion had healed the animals 
tongue were assessed daily for the presence of radiation-induced mucositis (mucosal 
ulceration) under light anesthesia which was maintained by a 1.5% Halothane, oxygen 
mixture. Daily assessment of mucositis was carried out under x2 magnifying glass with a 
cold light prior to oral gavaging. 
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Results: 



Table I shows the effect of Compound A and its components on the incidence of 
radiation-induced oral mucositis in rats irradiated with 8x2Gy daily fractions followed by 
a top-up dose of 16.5 Gy. Different combinations of the components of Compound A 
show a degree of effect in reducing the incidence of radiation-induced oral mucositis but 
the biggest effect is produced by the Compound A itself which contains all components. 

Table I: Influence of Compound A and its components on the incidence of radiation- 
induced oral mucositis in rats irradiated with 8x2Gy daily fractions followed by a top-up 
dose of 16,5 Gy. 

Modifying agent - Incidence of oral mucositis (%) 



Fischer's exact test revealed that the incidence rates shown in Table I were significantly 
different (p<0.05). This implies that all three components of Compound A are making 
contribution in alleviating the incidence of radiation-induced oral mucositis in rat. 



General Conclusions and future work: 

Compound A has proved beneficial in the treatment of radiation induced skin and oral 
mucosal damage. It appears to have an enhanced effect after fractionated studies, which is 
more relevant to clinical applications of radiotherapy in human patients. This compound 
has remarkable potentials in the treatment of radiation induced lesions of skin and oral 
mucosa. This is reflected in its remarkable DMF value of 1.44. Furhtermore, all 
components of this compound are non-toxic and the main ingredient of this compound 
Curcumin has demonstrated anticancer activities which makes the compound an ideal 
drug for the treatment of radiation-induced skin and mucosal lesions in cancer patients. 

Further works are being carried out to assess the efficacy of Compound A in the 
treatment of radiation-induced lesions in central nervous system (radiation myelopathy) 
and gastrointstinal system. 
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Claims 

1. The combination of curcumin and a-tocopherol. 

2. The combination of claim 1, in the treatment of the effects of exposure 
to radiation. 

3. The combination of claim 1, in the treatment of mucositis. 

4. A formulation of curcumin and a-tocopherol. 

5. A formulation according to claim 4, where the curcumin and a- 
tocopherol are in an oil. 

6. A formulation according to claim 5, wherein the oil is sunflower oil. 

7. A formulation according to any of claims 4 to 6, in a dosage form 
suited for topical or oral administration. 

8. A method of treating a person exposed to radiation which involves 
administering a formulation according to any of claims 4 to 7. 

9. A method according to claim 8, wherein the patient is receiving a 
course of radiotherapy. 

10. The use of curcumin or a-tocopherol in the preparation of a 
medicament for a method of treating a person exposed to radiation by 
administering curcumin and a-tocopherol. 
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11. A method of treating mucositis which involves administering a 
formulation according to any of claims 4 to 7. 

12. The use of curcumin or a-tocopherol in the preparation of a 
medicament for a method of treating mucositis by administering 
curcumin and a-tocopheroL 

13. A method using using curcumin and a-tocopherol for: 

1- prevention of cancer, particularly development of radiotherapy- 
induced secondary tumours; or 

2- prevention and treatment of UV induced dermatitis (sunburn); 

or 

3- treatment of acute and chronic wounds on skin or buccal/ oral 
mucosa and acceleration of healing of such wounds. 



23 



i 



4 



THE PAT^r OFFICE 

1 5 MAY 2003 

■'Mi J 



